The corrosion behavior of 6061Al-Si alloy in 0.1M HCl in the being present of Metronidazole(MNZ) compound has been observed using open circuit potential(OPC), AC impedance (EIS), Tafel diagrams, electrochemical frequency modulation (EFM)and weight reduction (WR) methods. The protective efficacy (IE) rises by raising the Metronidazole extent (MNZ) and diminished by raising the temperature. Tafel diagram has shown that the Metronidazole acts as a mixed-kind inhibitor. MNZ adsorption on the alloy surface was obeying Temkin isotherm. The surface analysis of Al alloy was performed by scanning electron microscope (SEM), AFM (atomic force microscopy) and Fourier transform infrared spectra (FT-IR).
INTRODUCTION
Pharmaceutical drugs like heterocyclic compounds are used in the reduced corrosion process of Fe, Cu and Al [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] in various aqueous media. Adsorption of the drug facilitates the protection of the metal surface [12] . A few medications such as tetracycline, cloxcillin, azithromycin, ampiclox, ampicillin and orphenadrine were discovered to have a great inhibition for corrosion of metals and alloys. The corrosion inhibitors that contain heteroatoms resembling O, S or N atoms. The IE of inhibitors is depends on the structure and chemical properties of the film present on the metals. The current study reports the performance of metronidazole, the objective of this research is to examine the inhibiting behavior of Metronidazole on the corrosion of Al-Si alloy in 0.1 M HCl utilized chemicals and electrochemical tests. The sample surface analyses were also analyzed. Metronidazole (MNZ) is an antibiotic and antiparasitary drug used for the treatment of abdominal inflammatory disease [13] .
MATERIALS AND TECHNIQUES

Materials and solutions
The metal sample conformation in weight % is: Si 0.67, Fe 0.19,Cu 0.24, Mn < 0.01, Mg 1.00, Cr 0.05,Zn 0.01,Ti 0.02 and Al the rest Table 1describs the Metronidazole (MNZ) structure. 
Inhibitor
Chemicals and solutions
Al-Si alloy specimens were used. The aggressive medium used is HCl 37%.Solutions of 0.1 M HCl were prepared by dilution with distilled water. The metronidazole stock solution 10 3 ppm was used to prepare (50,100,150,200,250 and 300 ppm).
Methods
Mass loss (ML) technique
The coins with size (2 × 2 × 0.2 cm) x2 were dipping in 100 ml of 0.1M HCl and existence of the various contents of MNZ are set in water thermostat. After 3 hrs the samples were removed, rinsed, dried, and weighed again. The % IE and the θ were founded from Eq. (1) % IE = θ x 100 = [(Wº − W) ∕ Wº] ×100 (1) Where W o and W are the weights of nonexistence and occurrence of MNZ, individually.
Open-circuit Potential (E OC ) Method
The working electrode was immersed in 0.1MHCl (100ml) for 30 min to establish a steady state E OCP .
Potentiodynamic polarization technique
This technique was done in a typical three compartment glass cell.The potential range was (-1.0 to -0.6V vs. SCE) at OCP with a scan rate 1 mVs -1 .
EIS technique
This technique was done by AC signs of 5 mV peak to peak amplitude and at frequency range of 10 7 Hz to 0.1 Hz. The (% IE) and θ were founded from eq. (2) [14] :
% IE = 100 x θ = 100 x [( R ct -R°c t )/ R ct ] (2) Where, R°c t and R ct are the charge transfer resistances without and with MNZ, individually.
2.4.5-EFM test
This technique used two frequencies of range 2 and 5 Hz depended on three conditions [15] . The (i corr ), (β c and β a ) and (CF-2, CF-3) (Causality factors) were measure by the greater two peaks [16] .
Surface examination
Al alloy pieces were dipped in testing solutions for one day. Then, they were polished, dried and analyzed by (SEM), (FTIR) and (AFM). The E OC method indicates the changes which take place on alloys and metal surfaces such as oxidation, presence of the protective layer or immunity during the immersion in the corrosive media. Figure 1 shows the E OC curves for 6061Al-Si alloy dipped in 0.1M HCl without and with many contents of Metronidazole at 25 °C. It shows that the E OC is shifting toward more negative potentials resulting from dissolution process. The E OC gradually increases due to the foundation of the shielding film of MNZ on the surface, which confirms the possibility of using the MNZ as a corrosion inhibitor [17] . Tafel curves of Al alloy electrode in 0.1M HCl with and without various contents of Metronidazole can be studied from figure 2. From Table 2 MNZ was affected both the cathodic and anodic processes and the IE rises with raising the MNZ content. E corr was a little changed, indicating that MNZ acts as a mixed-kind inhibitor. i corr declines clearly with the MNZ addition to 0.1M HCl. % IE and (θ) were found from eq. (3):
RESULTS AND DISCUSSION
Open-circuit Potential (EOC) Method
Potentiodynamic polarization tests
% IE = θx 100 = [(i corr -i corr(inh) ) / i corr ] x 100 (3) Where i corr is the corrosion current without MNZ and i corr with MNZ.
(EIS) tests
From figure 3 the semi-circle diameter was risen by increasing of MNZ concentration. Figure 4 indicates the utilizing circuit for fitting the obtained results [18] . The C dl ,Y 0 and n were founded from eq. (4) [19] :
where ω = 2π f max , f max is the greater frequency and n is the exponential. R ct increases with the rise of the double layer thickness [20] . From table 3, the C dl decline attributable to the replacement of adsorbed water molecules by MNZ species [21] . EFM is a safety dissolution technique which is characterized by speed and accuracy in calculating the current data from Tafel slopes [22] . Figure 5 indicates the EFM of Al-Si alloy in 0.1M HCl solution and 300ppm of MNZ. The EFM parameters such as (CF-2 and CF-3), (β c and β a ) and (i corr ) can be measured from the higher current peaks. The CF is closer to the standard data proved the validity and quality of the calculated data. The IE% increase with the raising of MNZ concentrations. 
The reduction in mass of Al alloy coins non-using and using different MNZ contents at 30°C. Figure 6 shows that MNZ decreases the mass reduction and the corrosion rate. The (%IE) and then θ, of the MNZ for the Al alloy were founded by eq. (1) [23] . The values of %IE are given in Table 5 .
Influence of temperature
The Table 6 indicates that %IE reduces with rising the temperature ( Figure 6 ). The decrease in % IE with the rising the temperature proving the physical adsorption of MNZ. (Table 7 ). E * a values prove that the MNZ impedes corrosion effectively in the presence of higher extents by raising the energy barrier of the activated complex and improve that the process is controlled by diffusion [25] . Figure 9 shows the relation between log (C.R. /T) and (1/T) which used to measure the values of ΔH * and ΔS * ( Figure 8 . Log k corr . vs reciprocal of temperature plot for Al alloy non-using and using many Metronidazole concentrations
In the chemisorption process, enthalpy must be or more than 100 kJ mol -1 [27] . The rise in the (ΔH * ) with the occurrence of the MNZ reflects the rise in the energy barrier of the corrosion procedures. The negative values of ∆S * show that during the rate-determining step in the formation of activated complex is more frequent than the cracking [28] . [29] . Ө coverage = (2.303/a) Log K ads + (2.303/a) Log C (7) Where K ads is the adsorption constant, C is the MNZ content (M) and "a" (Heterogeneous factor of surface of the metal).
Plotting (Ө) vs (Log C) of MNZ at 30ºC to 50ºC (Figure 10 ). The ΔG• ads and K ads data are in Table 8 . The Vant't Hoff equation can be used to measure ∆H°a ds and ∆S°a ds [31] expressed by:
And eq. (10) (10) Figure 11 shows the relation between ΔG o ads and T. A negative sign of ΔS o ads proved that the disorder decreasing of corrosion process by using MNZ (Table 8 ) [32] . From the table, the surface of the Al alloy is smoothened in the presence of the MNZ resulting from MNZ adsorption therefore the acid attack was reduced [34] . Figure 13 , suggests the micrograph given for Al alloy sheets in absence and using 300 ppm of MNZ after dipping for only one day.
3.10-SEM test
Free
Blank 300 ppm MNZ compound From SEM image, the Al alloy surface is more degradation due to damaging corrosion attack in the blank solution. The MNZ adsorption on the Al alloy surface, creating the shielding layer resulting in blocking the surface active centers so that the surface became more smooth [35] .
MNZ action mechanism
The metronidazole action mechanism as a corrosion inhibitor for Al-Si alloy in 0.1 HCl solution was discussed in terms of adsorption of this molecule physically on the alloy surface. This indicated from the values of ΔG o ads (less than 20 kJ mol -1 ) and also from the effect of temperature (%IE decreases by raising temperature). This molecule (metronidazole) will present in the protonated form, so it can not adsorb on the positive alloy surface. First Cl -ions adsorbed on the alloy surface and after that the MNZ (protonated form) will adsorb on the alloy surface by electrostatic attraction. The following Table (10) gives a comparison of %IE with different investigated drugs. The present drug gives considerably significant corrosion %IE compared to other drugs. Thus, the present MNZ drug can be used as corrosion inhibitor with promising results. 
(FT -IR)analysis
The FT-IR spectrum is a powerful tool which used to investigate the compound functional groups and their interactions with the metal surface. Since organic compounds such as drugs are absorbed on the metal surface which improves resistance against corrosion, and FT-IR can be used to analyze the surface changes to prove the nature of the chemical components which adsorbed on the surface [45] .
The FTIR spectrum of pure MNZ is shown in Figure 14 [46] . The FTIR spectrum of the passive film is shown in Figure 14 . It is found that the intra molecular hydrogen bonding of O-H stretching has shifted from 3218.37 cm -1 to 3216.44 cm -1 . The C-NO 2 stretching has shifted from 1533.47 cm -1 to 1531.52 cm -1 . The C = N stretching frequency shifts from 1654.25 cm -1 to 1651.14 cm -1 . These shifts approve the presence of adsorbed MNZ film on the surface. 
CONCLUSIONS
The MNZ shows the corrosion inhibition for Al alloy in HCl solution, where IE ratio improved by rise of compound concentration. The IE is decreasing with rise of temperature resulting from the destruction of the adsorbed MNZ molecules present on the Al alloy surface. The presence of Metronidazole on the surface follows Temkin equation. Tafel curves showed that MNZ is mixed-kind inhibitors. (C dl ) reduced by the rise of the MNZ concentration. While (R ct ) rise. The adsorbed passive layer on the Al alloy surface was proved by AFM, SEM and FTIR analyses.
